Here are reported the results of an investigation on luminescence of Cu+ in borate and phosphate glasses. The former system exhibits a unique very broad and strong emission covering the whole visible region so that when excited in the ultra-violet region, the emission appears as a white fluorescence. The latter compound shows two different blue and red fluorescence bands.
INTRODUCTION
Monovalent copper ions, when embedded in glasses, usually give rise to a rather strong fluorescence. In most cases, the systems exhibit very broad emission bands in the visible, and therefore are particularly interesting for obtaining tunable laser emission. Light amplification has been already reported in copper-doped aluminoborosilicate 1 Here are investigated fluorescence studies of Cu impurity ion in borate glasses with the composition 67 B203, 10 BaO, (15-x)Li2O, 5 La2O3, 2 A12O3, 1 As203, x Cu20, and in phosphate glasses with the composition 44.5 P205, 37.0 BaO (18.5-x) Li2O, x Cu20. The copper concentration varied from 0.01 to 0.2 mol % Cu20 and no divalent copper could be detected by EPR measurements.
The experimental procedures were described in previous papers.2 '3 2. EXPERIMENTAL RESULTS
1 . Absorption spectra
The absorption edges of the investigated glasses were found to be around 45000 cm1. As an example, Fig. 1 represents the absorption spectrum at room temperature resulting of a substraction of undoped and very weakly Cu-doped phosphate glass curves. Accurate measurements of the d-s transitions of Cu+ which occurs in the U.V. range above 40000 cm' are difficult. Several shoulders were detected in the region 40000-45000 cmt and can be assigned to 3d1° -' 3d94s transitions. 
Excitation and emission spectra
No luminescence was detected in the undoped glasses indicating that emissions are associated with Cu+ impurity.
BORATE GLASSES
The fluorescence spectrum consists of a very broad band covering the whole visible range. The emission band shift toward the red and become narrower as the excitation wavelength increases (Fig.2) . The excitation spectra were recorded at room and low temperatures by considering three domains of the broad fluorescence (blue -400 nm, green 550 nm and red 590 nm). In all cases the spectra consist of three main broad bands peaking near 46500 cm1 (C), 37500 cm4 (A) and 43000 cm' (B). Moreover the excitation bands clearly move to the red with the emission domain considered (Fig.3) . 
PHOSPHATE GLASSES
The fluorescence spectra were recorded under pulsed laser excitation at 320 and 250 nm (Fig.4) . The choice of these excitations is justified after examination of the fluorescence excitation spectra. Under a 320 nm excitation, all samples exhibit a blue broad and strong emission band centered around 455 nm. When the copper concentration increases, another red fluorescence band peaking near 590 nm grows up. The fluorescence excitation spectra were recorded between 100 and 400 nm using the synchrotron radiation of SUPER ACO ( blue filter (441 nm, i1w 669 cm'); curves 3,4 : red filter (> 570 nm).
Lifetime measurements

BORATE GLASSES
In all cases the decays are non exponential even for low copper concentration. Accordingly, a mean time constant defined as follow has been considered. The decay time r increases with the selected emission wavelength whatever the temperature. Typically, for the sample containing 0. 14 mol. % Cu20 excited at 290 nm, r = 42, 57 and 65 s at room temperature for Xem. 400, 500 and 600 nm, respectively. Furthermore the decay time gradually increases for the longer excitation wavelengths. These trends are usually observed for luminescent centers in disordered media4'5, and can be related to a multisite structure.
The decays also show a strong temperature dependence, as can be seen in Fig.6 . At very low temperature, the value of r is about 450 s and is nearly constant around liquid helium temperature. Then 'i decreases very quickly upon heating in the range 4-50 K, and very slowly above T = 50 K. This temperature dependence of the fluorescence dynamics is typical of a Cu center and is usually interpreted by a model involving two close emitting thermalized metastable levels, the lifetime of the lowest one being much longer than that of the upper one.6'7 . In the case of Cu+ and Ag+doped cubic single crystals, these two lowest excited states were identified as the spin-orbit components Tig and T2g of the 3Eg state, which is the lowest state in the d9s manifold. By so1vin the appropriate rate The value of is close to those usually obtained in Cu+doped crystals. The nonexponential decays of the fluorescence can be considered as the superposition of exponential decays typical of well-defined sites. The time-resolved spectroscopy technique provides confirmation of the multi-site structure. For example, normalized time-resolved fluorescence spectra, obtained at low temperature under 290 nm excitation, are represented in Fig.7 . The emission band, time-resolved at a short time (100 ns) after the laser excitation pulse (curve 2), is centered in the blue region and the band shifts towards the red (low energy) as the gate opening delay increases. A narrowing of the emission band is actually observed when the delay strongly increases, the gate width being constant (comparison of curves 2 and 5 or 6 and 7). 
PHOSPHATE GLASSES
The decays of both fluorescences were recorded for the four variously Cu+ doped samples under laser excitation at 320 nm and in the 1.5-300 K temperature range. In order to well separate the contributions of the blue and red fluorescences, narrow wavelength ranges (iX 1.2 nm) have been considered around 400 and 600 nm. The decays are exponential.
The temperature dependence of the decay-time constant r of the blue fluorescence is shown in Figure 8 . r slightly increases upon cooling from 300 to 60 K (insert) then strongly increases more especially between 30 and 4 K. clearly observed the onset of a plateau. It is also observed that r increases as the Cu+ concentration decreases. For the red fluorescence, r is nearly twice as large. Above 100 K, 7-varies similarly (insert in Fig.9 ) whereas at lower temperature, rrises more rapidely but no plateau is detected at very low temperature (Fig.9) . Furthermore, in contrast with the previous case, r increases with the Cu+ concentration. The model involving two close excited states is still able to describe the thermal evolution of the decay of the blue fluoresence (Fig.8) The experimental curve can be fitted by the following parameters A31 = 4807 s, A21 = 49000, c = 12 cm1. In contrast the characteristics of the red fluorescence are quite different and bear witness for the existence of a different type of luminescent center (Fig.9) . 
DISCUSSION
The fluorescence properties of the Cu+ doped glassy systems here investigated lead us to point out two important aspects.
Cu+ multisite structure
Cu+ fluorescent ions introduced in amorphous media reside in a large variety of site. The energies of the various ionic levels may therefore differ substantially. The red shift and the narrowing of the emission bands as the excitation wavelength increases, the red shift and the broadening behaviour of the excitation bands when the emission domain considered moves to the red, the fact that the decay time gradually increases for the longer excitation 176 / SPIE Vol. 1590 Submolecular Glass Chemistry arid Physics(1991)
wavelengths, the results of the time-resolved spectroscopy, all these trends are in good agreement with the multisite structure of the Cu+doped glasses.
Accordingly, the emission of the borate glasses and the blue emission of the phosphate glasses can be attriibuted to Cu+ ions distributed in a continuum of various sites. In contrast the red luminescence of the phosphate glasses whose intensity grows with concentration, can be interpreted in terms of (Cu+)2 pr centers. 
